Objective: The mortality rate is high in some patients undergoing primary percutaneous coronary intervention (PPCI) because of ineffective epicardial and myocardial perfusion. The use of thrombus aspiration (TA) might be beneficial in this group but there is contradictory evidence in current trials. Therefore, using PRISMA statement, we performed a meta-analysis that compares PPCI+TA with PPCI alone. Methods: Sixteen studies in which PPCI (n=5262) versus PPCI+TA (n=5256) were performed, were included in this meta-analysis. We calculated the risk ratio (RR) for epicardial and myocardial perfusion, such as the Thrombolysis In myocardial Infarction (TIMI) flow, myocardial blush grade (MBG) and stent thrombosis (ST) resolution (STR), and clinical outcomes, such as all-cause death, recurrent infarction (Re-MI), target vessel revascularization/target lesion revascularization (TVR/TLR), stent thrombosis (ST), and stroke. Results: Postprocedural TIMI-III flow frequency, postprocedural MBG II-III flow frequency, and postprocedural STR were significantly high in TA+PPCI compared with the PPCI alone group. However, neither all-cause mortality [6.6% vs. 7.4%, RR=0.903, 95% confidence interval (CI): 0.785-1.038, p=0.149] nor Re-MI (2.3% vs. 2.6%, RR=0.884, 95% CI: 0.693-1.127, p=0.319), TVR/TLR (8.2% vs. 8.0%, RR=1.028, 95% CI: 0.900-1.174, p=0.687), ST (0.93% vs. 0.90%, RR=1.029, 95% CI: 0.668-1.583, p=0.898), and stroke (0.5% vs. 0.5%, RR=1.073, 95% CI: 0.588-1.959, p=0.819) rates were comparable between the groups. Conclusion: This meta-analysis is the first updated analysis after publishing the 1-year result of the "Thrombus Aspiration during ST-Segment Elevation Myocardial Infarction" trial, and it showed that TA did not reduce the rate of all-cause mortality, Re-MI, TVR/TLR, ST, and stroke. (Anatol J Cardiol 2015; 15: 175-87) 
Introduction
Primary percutaneous coronary intervention (PPCI) ensures both effective epicardial flow and has positive effects on shortlong term survival in stent thrombosis (ST)-segment elevation myocardial infarction (STEMI) (1, 2) . However, in some patients, although sufficient epicardial perfusion is achieved, impaired myocardial perfusion could be observed, and the incidence of adverse cardiovascular events is high, the recovery of left ventricular (LV) function is low, and the size of infarction is larger (3, 4) . The mechanisms that might be responsible from impaired myocardial perfusion could be microvascular plugging that develops due to embolization of thrombotic or atheromatous debris (5, 6) . Numerous adjunctive devices such as aspiration thrombectomy, mechanical thrombectomy, and embolic protection device were used to reduce embolization. Different results were found in comparison of manual thrombus aspiration (TA) with conventional PPCI; however, in most studies and metaanalysis, it was claimed that TA improves myocardial and epicardial perfusion and has positive effects on clinical outcomes (7) (8) (9) (10) (11) (12) (13) . In a recently performed large-scale randomized controlled trial (RCT) "Thrombus Aspiration during Primary Percutaneous Coronary Intervention" (TAPAS) study (14, 15) , it was indicated that TA is beneficial at both the 30-day and 1-year follow-up, and current guidelines remarked that the routine use of TA in patients admitted for STEMI could be done with ClassIIa recommendations (16, 17) . However, the recently published "Thrombus Aspiration during ST-Segment Elevation Myocardial Infarction" (TASTE) trial (18) is the largest study comparing TA and conventional PPCI until today, and it indicates that TA has no effect on short-and long term-term mortality. However, a systematic review and meta-analysis that include the long-term outcomes of this study was not performed yet.
In this meta-analysis, we aimed to compare the beneficial effects of TA over conventional PPCI on epicardial and myocardial perfusion as well as the clinical outcomes of patients with STEMI undergoing PPCI.
Methods

Literature review
We searched the MEDLINE and Cochran Library for RCTs published from January 1996 to September 2014 in English and in humans. A computerized search using the terms "thrombectomy," "thromboaspiration," "aspiration thrombectomy," and "myocardial infarction" was made. Abstracts of national or international congress or unpublished trials were not included in the study.
Criteria for study selection
We chose the studies in which the patients admitted within 24 h of STEMI were randomized as PPCI+TA or PPCI alone. We excluded the studies that did not have clinical outcomes and/or myocardial perfusion symptoms as well as those in which mechanical thrombectomy was used.
In the first literature screening, 441 articles were obtained from MEDLINE and 215 from Cochrane Library. Only 25 of these were eligible for the analysis. Out of these 25, one RCT device comparison and 8 that were related to mechanical thrombectomy were excluded from the study. As a result, 16 RCTs were found to be suitable for the meta-analysis. Figure 1 displays the flow chart of trial selection.
Definitions of end-points
The primary end-point of the study is all-cause mortality. Allcause mortality was defined as death from any cause in most trials. In the trials that assessed only cardiovascular death, we accepted these as an all-cause mortality. The secondary endpoints were reinfarction (Re-MI), target vessel revascularization/target lesion revascularization (TVR/TLR), stent thrombosis (ST), stroke, major adverse cardiovascular events (MACE) (allcause death, Re-MI, TVR/TLR), postprocedural myocardial blush grade (MBG), postprocedural Thrombolysis In myocardial Infarction (TIMI) flow grade, and postprocedural ST-segment resolution (STR).
Postprocedural myocardial perfusion signs were defined as follows: Final TIMI flow grade III, final MBG II or III, and ≥50% STR 60-90 min after PPCI were accepted as good myocardial perfusion.
Data extraction
Three independent reviewers (I.H.T, M.K., and A.K.) tabulated the following variables: 1) patient demographics, 2) angiographic characteristics, 3) the number of events, and 4) the duration of follow-up. Discrepancies were resolved by a fourth reviewer (E.A.).
To assess the methodological quality of included RCTs, the Berdeu scale was used (19) . Findings are shown in Table 1 .
Statistical analysis
The PRISMA statement was followed for this meta-analysis (20) . The summary risk ratio (RR) and 95% confidence interval (CI) were calculated between TA+PPCI and PPCI alone regarding the clinical outcome using the fixed-and random-effects model. In figures and texts, the fixed-effects model was used. The analysis was performed by including and not including the TASTE study. The Cochrane Q statistic and I 2 statistic were used to evaluate heterogeneity. A funnel plot and Egger's regression test for funnel plot asymmetry were used to examine the likely presence of publication bias and small-study effects. Statistical significance was defined as p<0.05 (two-tailed tests). Analyses were performed using the Comprehensive meta-analysis software trial version 2 (Biostat, Englewood, NJ, USA).
We also applied Trial sequential analysis (TSA) to all RCTs included to meta-analysis. TSA was performed according to the monitoring boundaries approach for outcome measures such as all cause mortality, re-MI and TVR/TLR. TSA is a statistical method that combines an a priori information size calculation for a meta-analysis with adaptation of monitoring boundaries to evaluate the accumulating evidence. Our assumptions included two-sided testing, type 1 error=5%, power=80%. We chose a 20% relative risk reduction for outcome measures. The main result of TSA was expressed through a cumulative z-curve graph; the boundaries in this graph for concluding superiority or inferiority or futility were determined according to the O'Brien-Fleming alphaspending function. All calculations were carried out using specific statistical software of TSA version 0.9 beta (TSA, User Manual for TSA, Copenhagen Trial Unit 2011, www.ctu.dk/tsa).
Results
Of a total of 16 studies, 10518 patients met our selection criteria (14, 18, (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) . Of these, 5256 were in the TA+PPCI arm and 5262 in the PPCI alone arm. The basal characteristics of the patients included in the study are shown in Table 2 . The endpoint definitions and pharmacological and angiographic baseline characteristics are shown in Table 3 .
In TSA, required information size was exceeded (required information size 8911) for all cause mortality, the cumulative Zcurve did not crossed the TSA boundary, indicating that sufficient evidence exist for a lack of 20% RRR of all cause mortality by TA plus PPCI compared to PPCI alone. In addition, the cumulative z-curve was ended in futility area, indicating that a lack of sufficient evidence of a benefit of TA plus PPCI for reduction re-MI and TVR/TLR (required information size 26534) (Fig.12-14) . 
Effect of aspiration thrombectomy on clinical outcomes
The follow-up duration of the patients was between 1 and 12 months. Although there was no follow-up in the study by Lipecki et al. (30) , the follow-up in the study by Ciszewski et al. (28) included only the in-hospital period.
The frequency of all-cause mortality was 6.6% in TA+PPCI, whereas it was 7.4% in the PPCI alone arm. There were no significant differences between the likelihood of all-cause mortality in TA+PPCI compared with PPCI alone (RR=0.903, 95% CI: 0.785-1.038, p=0.149) (Fig. 3, top panel) . Similarly, the BNP -brain natriuretic peptide; CABG -coronary artery bypass grafting; CK-MB -creatinine kinase-MB; Clp -clopidogrel; cTFC -corrected TIMI frame count; cTnT -cardiac troponin T; CVAcerebrovascular accidents; DE -distal embolization; DS -direct stenting; EP -endpoint; HF -heart failure; LV -left ventricle; LVEF -left ventricular ejection fraction; MBG -myocardial blush grade; MACCE -major adverse cardiac and cerebral events; MACE -major adverse clinical events; NA -not available; PCI -percutaneous coronary intervention; Re-MI -recurrent myocardial infarction; STR -ST-segment resolution; TIMI -thrombolysis in myocardial infarction flow grade; TLR -target lesion revascularization; TVR -target vessel revascularization 
Sensitivity analysis
The sensitivity analysis indicated that none of the studies had a significant influential effect on the overall estimate for allcause death, Re-MI, TVR/TLR, MACE (Fig. 6) , ST, and stroke ( Fig. 7) , except the TASTE trial, which had a significant influential effect on the overall estimate of MACE. All the studies had a significant influential effect on the overall estimate for postprocedural MBG, STR, and TIMI flow (Fig. 8) .
When the meta-analysis was repeated without including the TASTE study, there were no significant differences in the likelihood of all-cause death (RR=0.74, 95% CI: 0.52-1.05, p=0.094), reinfarction (RR: 0.64 (0.39-1.07), p=0.092), and TVR/TLR (RR:0.79 (0.61-1.03) p=0.079) in TA+PPCI compared with PPCI alone. Moreover, the frequency of stroke (RR:1.20 (0.21-6.66) p=0.835) and ST (RR:0.72 (0.32-1.61) p=0.424) was similar ( Fig. 9 and 10 ). Because the data of postprocedural TIMI flow, MBG, and STR were not present in the TASTE study, the analysis was not performed.
End-points
Egger's test, t value and two-tailed P value 
The publication bias and small-study effects, assessed by Egger's tests, were not significant (all two-tailed, p>0.2) for allcause death, Re-MI, MACE, and postprocedural MBG. However, Egger's test was significant for TVR/TLR, postprocedural TIMI flow, and STR (Table 4) . Funnel plots for all-cause death, Re-MI, TVR/TLR, and MACE are shown in Figure 11 .
Discussion
In our meta-analysis consisting of 16 studies that included 10518 patients, we observed that TA+PPCI did not reduce the rate of death, Re-MI, TVR/TLR, MACE, ST, and stroke compared with PPCI alone.
In numerous RCTs and meta-analyses, it was shown that the superiority of PPCI to thrombolytic therapy in STEMI patients is related to the achievement of better epicardial perfusion (35) . However, in some patients in whom sufficient epicardial perfusion is provided, the restoration of myocardial perfusion becomes insufficient. Besides, the clinical outcomes in this group of patients are worse (2, 6) . In this group of patients, distal embolization of plaque debris, vasoconstriction, and reperfusion injury were considered to be responsible (36, 37) . Glycoprotein IIb/IIIa inhibitors, coronary vasodilators such as adenosine and verapamil, and thrombectomy devices are found to be effective in the prevention of this phenomenon (38) .
Previous meta-analyses showed that TA improves epicardial and myocardial perfusion, and these findings are consistent with those of the present meta-analysis (7, 8, 10, 13) . It is known that the patients with good epicardial and myocardial perfusion after PPCI have better clinical outcomes compared with those with poor epicardial and myocardial perfusion (1, 39) . From this point of view, we can expect that improved epicardial and myocardial perfusion following thrombectomy may positively affect clinical outcomes. However, in the meta-analyses related to thrombus aspiration, there are conflicting results regarding clinical outcomes. In some studies, it was demonstrated that it decreased the rate of mortality (7-9), whereas in other studies, it did not (10, 11, 13) . In the present meta-analysis, we demonstrated that TA was not related to the decrease in the likelihood of all-cause mortality, Re-MI, TVR/TLR, ST, and stroke. This is the first meta-analysis to include the 12-month data of the TASTE trial, which is the largest trial till date (18) . The TASTE trial is a large (over 7000 patients) multicenter study designed to have statistical power for the evaluation of adverse cardiovascular outcomes such as all-cause mortality, Re-MI, TVR, and ST. They found that the frequency of adverse cardiovascular outcomes were similar at 30 days and 12 months between TA+PPCI and PPCI alone. Our meta-analysis results might be driven mainly by the TASTE trial because of its weight. However, we performed sensitivity analysis by excluding the TASTE study and found that the results did not reach statistical significance. In the TAPAS study, the first largest study related to TA, it was demonstrated that the results of the 30-day follow-up had positive effects on clinical outcomes compared with the results of the 1-year follow-up (14, 15 study, the present study was a single center study and was not designed for the evaluation of adverse cardiovascular outcomes. The comparison of the previous meta-analysis with the current meta-analysis is shown in Table 5 . The effect of TA on mortality is conflicting. In the meta-analysis by Costopoulos (8), Bavry (9), and Kumbhani et al. (7), TA was found to be associated with lower mortality; however, in the meta-analyses by Mongeon (11), Tamhane (13) , and De Luca (10) as well as the present meta-analysis, it was found that TA did not decrease the mortality risk compared with PPCI alone. The duration of follow-up was determined as 30 days in the studies by Mongeon (11), Tamhane (13), and De Luca (10). TA, not reducing the mortality risk might be related to the short duration of follow-up. To overcome this, we took the duration of follow-up as liberal.
In the previous European Society of Cardiology (ESC) Myocardial Revascularization guidelines (40) , the routine use of TA was a Class-IIa indication. However, in the current ESC Myocardial Revascularization guidelines (41), the TASTE trial was taken into consideration; therefore, the role of TA was reevaluted and the class of its recommendation was modified to Class-IIb. This new ESC recommendation is compatible with our meta-analysis. However, for more accurate evidence in patients with STEMI, routine aspiration thrombectomy with percutaneous coronary intervention (PCI) versus PCI alone in patients with STEMI undergoing PPCI (TOTAL; ClinicalTrials.gov number: NCT01149044) will be performed.
Study limitations
Because this study is a meta-analysis, the accuracy of the results is related to the accuracy of the RCT included in the meta-analysis. Besides, we did not analyze the unpublished data, which were not put into the peer review process and abstracts of the congress.
Conclusion
In patients with STEMI, TA+PPCI might be related to better epicardial and myocardial perfusion. However, TA did not reduce the frequency of death, Re-MI, MACE TVR/TLR, ST, and stroke. These results do not support the routine use of TA in patients with STEMI. 
